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There has recently been increasing interest in the damage to thermal
control coatings caused by short wavelength ultraviolet radiation. This
interest has occurred, in part, as a result of an apparent discrepancy in data
returned from a coatings experiment aboard ATS 1 (Reference 1). In
addition, certain other findings indicate that, at least for some coatings,
degradation appears to be inversely proportional to the wavelength of
irradiation (Reference 2). Since the solar spectrum is rich in the vacuum and
extreme ultraviolet regions, some experimenters have postulated that this
could be a matter of great importance (Reference 3). If such a hypothesis
could be demonstrated, it would mean that one more factor should be
added to the growing list of requirements for synergistic ground-based
testing of spacecraft coatings.
At Goddard Space Flight Center, work has been underway for some
time in an attempt to fully characterize the ultraviolet degradation of one of
the important thermal coatings, Alzak. Alzak is the designation given to a
particular type of anodized and chemically polished aluminum sheet. This
material was chosen for the outer skin of the OAO spacecraft because it can
be easily worked by ordinary sheet metal techniques and because it has an
attractively low ratio of solar absorptance (aS) to hemispherical emittance
(eA)--approximately 0.22. Work has been reported previously which
showed that the degradation of Alzak was strongly dependent upon the
wavelength of irradiation, at least down to -----220nm (Reference 4). The
experiments which are described here were designed to provide data down
to the solar Lyman-a region (121.6 nm).
The experimental apparatus used in this study is shown in Figure 1. It
consists of an irradiation cell and three UV sources with wavelengths at
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123.6 nm, 185 nm, 206.2 rim, and 240 nm. Not shown is a DK-2 spectro-
reflectometer with an Edwards-type integrating sphere used for in-air
reflectance measurements on the sample. A 1YJ liter stainless steel vacuum
chamber with a side port forms the irradiation cell. The cell is ion pumped
with a trapped mechanical roughing pump. All vacuum seals are the copper
gasket type, and the valves have Viton elastomer seats. Irradiations take
place in the 10 -7 torr region, measured by an ionization gauge. The
irradiation port is either a 5.08-cm diameter sapphire window or a 2.54 cm
diameter lithium fluoride window, depending upon the wavelength of
irradiation.
The sample was screw mounted on a temperature controlled copper
substrate opposite the irradiation port. Sample reflectance measurements
were made before, during, and after the irradiations by removing the sample
from tile chamber. The sample could be removed, replaced, and pumped
down within 30 rain. No detectable recovery in Alzak took place during this
time interval. During the earlier studies, in situ reflectance measurements of
Alzak damaged by irradiations from a 123.6 nm source and a xenon arc
indicated that recovery of damage was negligible when measurements were
made within 8 hr after exposure to air. Reflectance measurements were
made with an estimated error of +_ percent due to variations across the
sample face.
The UV irradiation sources were two low pressure microwave discharge
lamps (krypton and iodine) and a high pressure xenon arc lamp with a
bandpass filter centered at 240 nm. The relative spectral outputs of the
three sources are shown in Figure 2, together with a solar UV irradiance
curve for reference.
The krypton lamp emits three lines, 117 nm, 123.6 nm, and 247 nm.
The 117 nm line is weak, being approximately 10 percent of the 123.6 nm
line intensity. The 123.6 nm line is the primary irradiating wavelength and is
used to simulate the solar Lyman-t_ line at 121.6 nm. The 2 nm difference
between the two lines is assumed to have a negligible effect on the results.
The 247 nm line contribution to sample degradation is evaluated by
masking half the sample with a sapphire filter to eliminate the 123.6 nm line
and pass the 247 nm line. A reflectance measurement on both sample halves
then isolates the 247 nm line contribution. The krypton lamp output
spectrum is blank from 247 nm to approximately 330 nm. The lamp is
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normallymn getteredwitha coldfingerimmersedin liquidnitrogento
eliminatecontaminantlines.Kryptonlampintensitiescouldbevariedby
themicrowaveg neratorfromafractionof anequivalentLyman-asun(i.e.,
oneequivalentLyman-asun=5× 10-7 W/cm2) to approximately20
equivalentLyman-asuns.Thelithiumfluoridewindowlifewasgreatly
reducedat thehigherintensitiesbecauseof thewindowsealingtechnique
used.
Theiodinelamphasa sapphirewindowandemitsagroupof lines
centeredat 185nmandastronglineat206.2nm.Thelampisnormallyrun
witha coldfingerimmersedin iceto maintaintheproperpressurein the
iodinereservoirshownin Figure1.Thelampspectrumabove206.2nmis
blankup to 400nm.Eliminationof thedegradingcontributionof the
185nmlines,sothatonlythe206.2nmlinehaseffect,isachievedwiththe
useof agasfilterof butene-1(Reference5).Thebutene-1cellabsorbsthe
185nmlineswhilereducingthe206.2nmlineintensitybyonly10percent.
Theiodinelampoutputwasvariableup to one-halfanequivalentsunat
185nm and206.2nm(i.e.,40 Lyman-c_suns).The185nm linescon-
tributedapproximatelyone-halfof thetotalintensity,thebalancebeing
contributedbythe206.2nmline.
Thexenonarclampusedhadacontinuumat240nm,andthefilter
centeredat 240nmhada bandpassof 30nm.Maximumoutputwas
approximatelyequalto one-halfanequivalentsunat 240nm (i.e.,75
Lyman-_suns).
Theintensitymonitorforallthelampswasasodium-salicylate-coated
photomultiplier(1P28)referencedagainstacalibratednitricoxideioniza-
tionchamberusingthe123.6nmkryptonline.Thephotomultipliercould
berotatedto apositionbetweenthesampleandtheirradiatingsource.The
calibrationmeasurementswereperformedwith theionizationchamberin
thesamplepositionasshowninFigure1.Thesodiumsalicylatequantum
efficiencywasassumedconstantoverthewavelengthregionofinterest.This
assumptionis supportedby the literature (Reference6). The photo-
multiplier calibration was checked periodically during the experiments and
found to remain within 5 percent of the original calibration.
Calculation of equivalent sun irradiance for each source was based on
Johnson's data, using a 10 nm bandwidth of each line. The 185 nm lines
were treated as one line between 180 nm and 190 nm. Actually the
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bandwidth of each line was known from the vacuum monochrometer
measurements. Use of the actual bandwidth, 2.5 nm, just increases the
equivalent sun hour exposures. Since line sources were used to simulate the
Sun's continuum spectrum at select wavelengths, the l0 nm interval was
used. Another convenient way of looking at the data would be in terms of
Lyman-a suns, since part of the experiment is aimed at studying the effect
of Lyman-a radiation.
Figure 3 shows the changes in reflectance at 295 nm of Alzak samples
exposed to different irradiating wavelengths. Exposure to 123.6 nm light
used to simulate solar Lyman a produces the slowly developing damage
shown in the lowest curve. Exposure to combined 185-206.2nm light
produces the steep curve shown at the left. This curve was constructed from
three samples as indicated by the legend.
Shown in Figure 4 is a plot of the percentage of AR at 295 run versus
wavelength for constant incident energy.
Before discussing the data in Figure 3 and Figure 4, two additional
experiments should be mentioned. The first is a single Alzak exposure to
123.6 nm irradiation at an intensity equivalent to that for the 185 nm to
206.2 nm irradiations shown in Figure 3. For a 36.5 hour exposure at
1.4 × lO-5 W/cm 2 (i.e., 40 times Lyman a), Alzak showed a 4 percent
AR at 295 nm compared to the 11 percent shown in Figure 3. The second
result is a UV screening test on Alzak using a filtered 2.5 kW Xenon arc
lamp (Spectrolab Solar Simulator model X-25). The UV irradiation tests
performed through quartz vacuum chamber ports produced at 12 percent
AR in Alzak after 57 equivalent sun hours at a one sun rate. Therefore this
sample saw the complete solar spectrum starting at the quartz cutoff of the
simulator and vacuum system optics. The UV content (i.e., below 220 nm)
for this test was not known, but the point is presented to emphasize the
damaging effects of short wavelength UV. The energy output ratio (in
W/cm 2) of the simulator to the microwave discharge lamp is approximately
10,000 to 1.
Two conclusions can be drawn from the data presented. First, on a
solar irradiance basis, Alzak is damaged faster and further by 180 to
210 nm radiation than by Lyman a (see Figure 3). Second, on an equivalent
incident energy basis, Lyman a does less damage than 180-210 nm radiation
(see Figure 4). These two points, coupled with the previous studies of Alzak
TECHNOLOGYACCOMPLISHMENTS,1970 63
withradiationabove220nm,provideageneralbehaviorpictureforAlzak
degradation:Aboveapproximately300nmnodegradationisobservedfor
longexposures(100hr),andbelow300nmincreasingdegradationwith
decreasingwavelengthis observed.Thisdegradationpeaksomewhere
between150-210nm(onasolarirradiancebasis)andreachesalowervalue
at Lyman_wavelengths.In addition,mostof the damagecausedby
180-210nmradiationoccurswithinthefirst50hoursof exposureandmay
approximatethedamageobservedunderstandardsolarirradiationtests.
Fromthestandpointof solar environmental testing of Alzak, it is
evident that Lyman-a radiation need not be included in laboratory testing.
Every effort should be made, however, to include radiation between
150-200 nm. Other materials may behave differently and should at least be
checked for their behavior under Lyman-et radiation.
At this point in the studies it is only of academic interest to determine
the precise shape of the Alzak damage curve because of the large reflectance
changes observed when an iodine lamp is used. However, efforts are being
made to develop a bromine resonance lamp to provide a line source at
163 nm, a wavelength that will bridge the wavelength interval between the
iodine and krypton irradiation sources.
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Figure 1-Experimental apparatus.
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Figure 2-Solar UV spectral irradiance and UV irradiation source spectra.
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Figure 3-Comparison of Alzak degradation produced by 123.6 nm with
185- to 206.2-nm irradiation.
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Figure 4-Irradiation damage as a function of wavelength for constant
incident energy (1 × 10 -4 W/cm 2 × time).
